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2a Saturday, February 25, 2012role and its coordination with the core DNA-binding domain is highly debated.
Here I present how we use single-molecule techniques to characterize the
search process and disentangle the roles played by these two DNA-binding do-
mains in the search process. We demonstrate that the C-terminal domain is ca-
pable of rapid translocation, while the core domain is unable to slide and
instead hops along DNA. These findings are integrated into a model, in
which the C-terminal domain mediates fast sliding of p53, while the core do-
main samples DNA by frequent dissociation and re-association, allowing for
rapid scanning of long DNA regions. The model further proposes how mod-
ifications of the C-terminal domain can activate ‘‘latent’’ p53 and reconciles
seemingly contradictory data on the action of different domains and their co-
ordination.
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The chaperone Hsp90 interacts with a relatively large set of proteins, termed
client proteins, but their state, whether folded, partly folded or alternatively
folded is not clear. NMR experiments on client proteins in the presence and
absence of Hsp90 provide unprecedented insights into the conformational
states of client proteins. As well, the NMR spectra of the chaperone itself
in the presence of the client protein and of co-chaperones give information
on interaction sites. NMR experiments on such large proteins and protein
complexes are difficult both of execution and interpretation, but allow the
formulation of hypotheses that can be tested by other spectroscopic means.
We find that several client proteins form molten globule-like states when
in the presence of Hsp90. The interactions between one client protein, the
p53 DNA-binding domain, and fragments of Hsp90 of various sizes, com-
prising 1 and 2 domains of the protein, up to the full-length dimeric protein
showed loss of signal intensity of the p53 resonances in the complex, from
which we infer the prtesence of a state with secondary structure indistin-
guishable from that of the free protein, but containing a manifold of states
that are in intermediate exchange on the NMR time scale. Further evidence
for the loose and flexible nature of the bound p53 client is provided by the
fluorescence behavior of the dye 1-anilinonaphthalene-8-sulfonic acid (ANS)
and by comparison of H/D exchange rates of the amide protons of the p53
DNA binding domain. Hsp90 itself appears to make highly dynamic interac-
tions with the client protein, which are modified in the presence of co-
chaperones such as p23. We conclude that the interaction between Hsp90
and p53 is complex, and involves a structural change in the client protein
to a loosened state.
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The T cell receptor plays a central role in the initiation of adaptive immune re-
sponses by recognizing microbial peptides bound to MHCmolecules. Signaling
through the receptor occurs through three associated signaling dimers (the CD3
dimers). We have shown that the cytoplasmic domain of the CD3 epsilon chain
is membrane bound in live cells. Furthermore, we determined the NMR struc-
ture of the CD3 epsilon cytoplasmic domain in its lipid-bound state. The struc-
ture showed that the two critical tyrosines are inserted into the hydrophobic part
of the lipid bilayer. We therefore propose that membrane binding prevents pre-
mature receptor activation.
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Macromolecular traffic between the nucleus and cytoplasm of cells is
mediated by karyopherins and is gated at nuclear pores (NPCs) by
intrinsically-disordered proteins featuring phenylalanine-glycine repeats: the
FG nucleoporins. Despite their dynamic nature, these FG nups adopt distinct
categories of disordered structure with unique functions. Some are collapsed-coil globules that stick to each via FG repeats, and others are highly-extended
coils that repel each other. Remarkably, these structures are segregated within
FG nups and at NPCs to create a quaternary gating structure that appears sus-
pended in the middle of the nuclear pore termed the transporter or plug. We
describe how this ‘ghostly’ structure, whose existence has been debated for de-
cades, is naturally-formed by more than one hundred intrinsically-disordered
proteins acting collectively. We will also discuss how the distinct categories
of disordered nup structures serve different functions in karyopherin-mediated
transport.
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Assembly of clathrin lattices is mediated by assembly/adaptor proteins
which contain domains that bind lipids or membrane bound cargo proteins,
and clathrin binding domains (CBDs) that recruit clathrin. Here we charac-
terize the interaction between clathrin and a large fragment of the CBD of
the clathrin assembly protein AP180. Mutational, NMR chemical shift, and
analytical ultracentrifugation analyses allowed us to precisely define two
clathrin binding sites within this fragment, each of which is found to bind
weakly to the N-terminal domain of the clathrin heavy chain (TD). The lo-
cations of the two clathrin binding sites are consistent with predictions from
sequence alignments of previously identified clathrin binding elements and,
by extension, indicate that the complete AP180 CBD contains ~12 degener-
ate repeats, each containing a single clathrin binding site. Sequence and cir-
cular dichroism analyses have indicated that the AP180 CBD is
predominantly unstructured and our NMR analyses confirm that this is
largely the case for the AP180 fragment characterized here. Unexpectedly,
unlike the many proteins which undergo binding coupled folding upon inter-
action with their binding partners, the AP180 fragment is similarly unstruc-
tured in its bound and free states. Instead, we find that this fragment exhibits
localized beta turn-like structures at the two clathrin binding sites both when
free and bound to clathrin. These observations are incorporated into a model
in which weak binding by multiple, pre-structured clathrin binding elements
regularly dispersed throughout a largely unstructured CBD allows efficient
recruitment of clathrin to endocytic sites and dynamic assembly of the cla-
thrin lattice.
Subgroup: Bioenergetics
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Late-onset neurodegenerative diseases can affect cognitive, movement, motor,
or coordination functions. Particular neurodegenerative disease phenotypes
can be etiologically heterogeneous, such that a particular ‘‘disease’’ may
have different origins. Despite this, it is assumed that from a mechanistic per-
spective phenotypically similar diseases may at least share final common
pathways. One pathologic feature observed in a number of neurodegenerative
disorders is mitochondrial dysfunction. In Mendelian versions of particular
neurodegenerative diseases, the presence of an abnormal gene product may
interfere with mitochondrial function and through this induce neurodegenera-
tion. In sporadic versions of these diseases, in addition to mediating dysfunc-
tion, evidence further suggests mitochondria may play an upstream role and
potentially even initiate dysfunction. Because mitochondria are also impli-
cated in aging, mitochondrial etiologies may prove particularly relevant to
diseases whose incidence and prevalence progressively increase with advanc-
ing age. This conceptual approach has been used to classify a series of
‘‘neurodegenerative mitochondriopathies’’, define a sporadic Alzheimer’s
disease mitochondrial cascade hypothesis, and guide therapeutic development
strategies.
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Modulating the Mitochondrial F0F1-ATPase as Therapeutic Strategy for
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This lecture will discuss how modulation of the mitochondrial ATPase can pro-
vide a selective, non-immunosuppressive mechanism for the treatment of
Saturday, February 25, 2012 3ainflammation and autoimmune disease. A novel series of orally available com-
pounds that modulate the ATPase and exhibit therapeutic efficacy in murine
disease models will be presented.
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Membrane proteins are of extreme relevance for all living cells. They are im-
portant for energy supply of the cells, transport across membranes, cell commu-
nication and play also vital roles in the pathogenesis of viruses and bacteria.
Despite their important function, less than 300 membrane protein structures
have been determined to date. One of the major limiting steps for the structure
determination is the growth of well-ordered single crystals. New results of a ra-
tionale design of membrane protein crystallization are presented, that include
screening for the reversibility of crystallization conditions, determination of
phase diagrams, and determination of early events in nucleation and crystal
growth by a combination of dynamic light scattering, SONICC, and tryptophan
fluorescence microscopy. Nanocrystals detected, can either be used as seeds for
growth of large single crystals or used for structure determination by femtosec-
ond nanocrystallography. The latter method is based on a novel concept for
structure determination, where X-ray diffraction ‘‘snapshots’’ are collected
from a fully hydrated stream of nanocrystals, using femtosecond pulses from
the world’s first high energy X-ray free-electron laser, the Linac Coherent Light
Source. The experiments show the proof of concept that diffraction of nano-
crystals that contain only 100-10 000 membrane proteins can be observed
and used for structure determination of large membrane protein complexes
[1]. The femtosecond pulses are 1012 stronger than 3rd generation synchrotron
sources and destroy any material that is placed in its focus, but as the femtosec-
ond pulses are briefer than the time-scale of most damage processes, the
method overcomes the problem of damage in crystallography. Femtosecond
crystallography also opens new avenues for determination of molecular movies
of protein dynamics.
Reference: [1] Chapman et al, 2011 Nature, 470, 73-77.
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The essential respiratory chain component cytochrome bc1 complex (ubiquio-
nol cytochrome c oxido-reductase, bc1) couples the oxidation of ubiquinol to
the vectorial proton movement across the membrane, contributing to the proton
motive force essential for various cellular functions. In the bc1 complex, a high
potential chain, consisting of the cyt c1 and ISP subunits, and a low potential
chain, made up of hemes bL and bH, converge to the quinol oxidation or QP
site. By inhibitor binding coupled crystallographic studies, the extrinsic domain
of the iron-sulfur protein subunit (ISP-ED) was shown to undergo a binary
inhibitor-type dependent conformation switch, leading to the ‘‘surface affinity
modulated ISP conformational switch’’ hypothesis that provides a structural
basis for the electron bifurcation at the QP site essential for the Q-cycle
mechanism by which the bc1 complex operates. However, how this control
of ISP-ED conformational switch is achieved under non-inhibitory conditions
remains obscure. Here we show by redox coupled crystallographic analysis
that the conformational switch of ISP-ED is correlated strongly with the redox
potential of the high potential chain. Structural changes at the ISP-ED binding
sites in response to redox changes were similar to those induced by binding to
the QP site with different types of inhibitors. Functional implications will be
discussed.Subgroup: Biopolymers in vivo
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Small solutes affect protein and nucleic acid processes because of favorable or
unfavorable chemical interactions of the solute with the biopolymer surface ex-
posed or buried in the process. Large solutes also exclude volume and affect
processes where biopolymer molecularity and/or shape changes. We recently
developed an analysis to separate and interpret or predict excluded volume
and chemical effects of a flexible coil polymer on a process. As a test system,
of significance in its own right, we determined effects of the full series from
ethylene glycol (EG) to polyethylene glycols (PEG) on the equilibrium con-
stants for all-or-none intramolecular hairpin and intermolecular duplex forma-
tion by 12-nucleotide DNA strands. We find that helix-destabilizing chemical
effects of PEG and its oligomers on these processes increase in proportion to
the product of the amount of DNA surface exposed on melting and the amount
of PEG surface that is accessible to this DNA; these chemical effects are com-
pletely described as the sum of interactions of PEG end and interior groups with
this DNA surface. Helix-stabilizing excluded volume effects, once separated
from these chemical effects, are quantitatively described by the analytical the-
ory of Hermans, which predicts the excluded volume between a flexible poly-
mer and a rigid molecule. An increase in PEG size at constant concentration of
PEGmonomer increases the excluded volume effect but decreases the chemical
interaction effect, because in a large PEG coil a smaller fraction of the mono-
mers are accessible to the DNA. Volume exclusion by PEG has a much larger
effect on intermolecular duplex formation than on intramolecular hairpin
formation.
Reference: PNAS 2011 108 (31) 12699-12704 (http://www.pnas.org/content/
108/31/12699.long)
Supported by NIH grant GM47022 (TR) and a NIH Molecular Biophysics
Traineeship to BK.
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The interior of biological cells is crowded with macromolecules, heterogeneous
in composition, and dynamic. We are developing simple experimental models
for intracellular environments based on aqueous polymer solutions. Macromo-
lecular crowding is modeled by inclusion of polymers such as polyethylene gly-
col or dextran; when both polymers are present aqueous phase separation can
occur. Phase separation provides microcompartments corresponding to the
dextran-rich and PEG-rich phase domains and enables control over the local
concentration of not only the polymers themselves but also any molecules
that accumulate in one of the phases by partitioning. Local enrichment of ten-
fold or greater can be maintained between the phases for solutes such as nucleic
acids or proteins, and can be used to drive reactions that are concentration-
dependent. Encapsulation of the aqueous two-phase systems within lipid
vesicles having a semipermeable membrane provides a primitive model of
biological cells capable of microcompartmentation, polarity, and asymmetric
division. The synthesis and characterization of artificial cells and cell-like
environments may provide new insight into how fundamental chemical and
physical phenomena common to all cells may have shaped the development
of early cells and underlie many of the seemingly complex behaviors of modern
cells.17-Subg
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Many non-coding RNAs fold into specific three-dimensional structures in order
to act as catalysts or regulatory elements. Folded RNA structures are stabilized
by Kþ and Mg2þ ions that neutralize the phosphate negative charge and bind
